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© Liquid crystal display device. 

(§) Picture inversion in display devices, based on 
the twisted nematic effect is prevented by choosing 
a twist angle T in such a way that 40° < <j> T < 90°, 
while it holds for the angle o between the direction 
of polarization of one of the polarizers and the asso- 
ciated direction of orientation that: 

30° + <£77 2 < a < 60° + ^77 2 . 
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The invention relates to a liquid crystal display 
device having a layer of liquid crystal material 
between two substrates provided with electrodes 
and orienting layers giving the liquid crystal mol- 
ecules at the area of the substrates such a pre- 
ferred direction that the liquid crystal material has a 
twist angle ^ T across the thickness of the layer, 
said device being further provided with mutually 
substantially perpendicular polarizers at both sides 
of the layer of liquid crystal material. 

Such a device can be used, for example, in 
LCD television, but also in datagraphic display de- 
vices. 

A device of the above-mentioned type is de- 
scribed, for example, in DE-A 0,264.667. This ap- 
plication describes how liquid crystal material hav- 
ing a smaller twist angle 7", for example, between 
10° and 80° for adjusting grey scales is preferred 
to material having large twist angles (90° or more) 
which are suitable for high multiplex ratios. At low 
values of d.An (d: thickness of the layer of liquid 
crystal material, An: birefringence or optical an- 
isotropy) and suitably chosen states of polarization, 
such a device provides a good contrast and little 
discoloration. 

A drawback occurring notably in the case of a 
twist angle of 90° or more is the fact that the 
contrast in crossed polarizers is angle-dependent 
around the normal on a front face of the display 
device and is considerably lower in one quadrant. 
Moreover, when changing the viewing angle, pic- 
ture inversion occurs in the quadrant where the 
highest contrast is obtained due to the specific 
shape of the transmission/voltage characteristic in 
the associated viewing direction. 

The present invention has for its object to 
provide a picture display device of the type de- 
scribed in the opening paragraph which does not 
have said picture inversion. Such a device is char- 
acterized in that it holds for the angle ^ 7" that 40° < 
*I>T < 90° and in that it holds for the angle a 
between the direction of polarization of one of the 
polarizers and the direction of orientation at the 
area of said polarizer that 30° + ^77 2 < cr < 60° + 
*f>T/ 2 . is preferably chosen to be between 70° 
and 85°. Lower values of </T lead to a gradual 
transmission/voltage characteristic curve so that ex- 
cessively high drive voltages are required. Due to 
the chosen value of a there will be a greater 
contrast at a given $T and at the same drive 
voltages, while the color neutrality is substantially 
maintained. 

Optimum results are obtained when a value of 
between 0.4 and 0.8 is chosen for the optical path 
length d.An/X (d: thickness of the liquid crystal 
layer, An: birefringence, X: wavelength of the light 
used). 

A liquid crystal cell of said parameters is par- 



ticularly suitable for the so-called active drive 
mode. A display device suitable for this purpose is 
characterized in that it further comprises a cross- 
bar system of rows and columns with switches at 

5 the area of the crossings, via which switches vol- 
tages are applied to the electrodes. 

Various aspects of the invention will now be 
described in greater detail with reference to an 
embodiment and the drawing. 

70 Fio - 1 shows diagrammatically iso-contrast 

curves for a liquid crystal display device with \bT = 
90°. 

Fig. 2 shows two associated 
transmission/voltage characteristic curves. 
is Fig. 3 shows some forms of the relationship 

between the directions of orientation and the direc- 
tions of polarization P. 

Fig. 4 shows two transmission/voltage char- 
acteristic curves of a device according to the inven- 
20 tion. 

Fig. 1 shows two iso-contrast curves for a 
liquid crystal display device with = 90° and 
d.An = 0.48 pm. As is apparent from the Figure, 
these are non-rotationally symmetrical while the 
25 highest contrast values occur in practice in the 
fourth quadrant (270 < * < 360°) i.e. the quadrant 
in which the viewing direction is located along the 
director in the centre of the cell. However, in this 
quadrant the transmission/voltage characteristic 
30 curve exhibits an angle-dependent behaviour as is 
further shown in Fig. 2. This Figure shows two 
transmission/voltage characteristic curves, namely 
one in a direction perpendicular to the liquid crystal 
layer and one in the fourth quadrant = 315°) at 
35 an angle of e with respect to the normal (e = 40°). 
It is apparent from Fig. 2 that, for example, at the 
voltage value V, a dark or a grey image is ob- 
served, dependent on the angle Q. However, for a 
voltage V > V 2 the transmission change, with a 
40 variation in e, proceeds the other way around. 
Consequently a change of the viewing angle leads 
to grey scale inversion in this case. More generally, 
grey scale inversion is observed whenever a 
transmission/voltage characteristic curve has a dip 
45 in the low transmissive portion with respect to the 
transmission/voltage characteristic for which the 
grey scales are defined. Contrast changes also 
occur. 

in a display device according to the invention 
so this problem is solved by suitable choices (see Fig. 
3) of the twist angle <pT and the angle a between 
the direction of polarization P, on the front face of 
the device and the direction of orientation n, of the 
liquid crystal molecules at the area of this front 
55 face. P 2 and n 2 represent the direction of polariza- 
tion and the direction of orientation at the area of 
the rear face. The directions m and n 2 define the 
twist angle 07*. P, and P 2 are chosen to be per- 
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pendicular with respect to each other. 

Such a device yields the transmission/voltage 
characteristic curve of Fig. 4 for \I>T = 70° and 
d.An = 0.49 fim for different viewing angles. Since 
the two curves do not exhibit a dip, the problems 5 
as described with reference to Fig. 2 no longer 
occur. 

The value of d.An/X may vary between 0.40 
and 0.80 dependent on *pT without the achieved 
advantages being lost, while also a good color w 
neutrality is maintained. In this case X is dependent 
on the use. In the case of irradiation with monoch- 
rome light, as in projection applications with three 
light sources, the peak wavelength of the used light 
is preferably chosen. In the case of irradiation with is 
white light, an average wavelength is chosen. 

Claims 

1. A liquid crystal display device having a layer of 20 
liquid crystal material between two substrates 
provided with electrodes and orienting layers 
giving the liquid crystal molecules at the area 

of the substrates such a preferred direction 
that the liquid crystal material has a twist angle 25 
$T across the thickness of the layer, said 
device being further provided with mutually 
substantially perpendicular polarizers at both 
sides of the layer of liquid crystal material, 
characterized in that it holds for the angle $T 30 
that 40° < \PT < 90° and in that it holds for the 
angle a between the direction of polarization of 
one of the polarizers and the direction of ori- 
entation at the area of said polarizer that: 

35 

30° + $T/ 2 < a < 60° + ^7/ 2 . 

2. A liquid crystal display device as claimed in 
Claim 1, characterized in that 70° < </T < 85°. 

40 

3. A liquid crystal display device as claimed in 
Claim 1 or 2, characterized in that it holds for 
the product of the thickness d of the liquid 
crystal layer and the birefringence An that: 

0.4 < d.An/X < 0.8, in which X is either the 45 
peak wavelength of a substantially monoch- 
rome light source associated with the display 
device or the average wavelength of a light 
source associated with the device. 

50 

4. A liquid crystal display device as claimed in 
Claim 1, 2 or 3, characterized in that it further 
comprises a cross-bar system of rows and 
columns with switches at the area of the cross- 
ings, via which switches voltages are applied 55 
to the electrodes. 
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